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J-2S Restart Study 

Objectives 
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an altitude test facility at AEDC, the task was taken to determine what changes were required to achieve 1 0:1 
throttling, if that extreme condition should be required in the mission duty cycle. The modeling calculations 
were then correlated with actual test data to validate the models used. 
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J- 2 S Basic Engine Features 
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J-2S Restart Study 

Baseline Study Configuration 
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problems seen during the J-2S test series could be easily solved using experience gained from 
subsequent programs. All identified improvements were incorporated into the engine baseline. 
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J-2S Restart Study 

Baseline Study Configuration 
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Approach 
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Task Flow 
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In parallel, the 10:1 throttling examination was performed to identify changes required to 
perform a large throttle ratio. The modeling for this task was not significantly affected by the 
results of the producibility study. 
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An engine qualification was proposed, and rejected, in 1 972 for the basic J-2S. It was to be 
a 36 month program requiring one engine plus a spare and would demonstrate endurance, 
operation at limits, and engine performance. Unfortunately this readiness for flight coincided 
with the demise of the Saturn Program and the J-2S was never qualified or ever flown. 
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Throttling was simply accomplished by closing down the hot gas valve, thus reducing the turbines’ 
available power. The effectiveness of this technique was verified in hot-fire test. 
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Start-stop tests As necessary 

Altitude simulation test (Engine J-2073) 1 
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J-2S for potential MMC application (89) 
Rocketdyne Engine Data Package (92) 
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of defining a restart baseline. All previous test problems were able to be identified and state-of- 
the-practice solutions found. It was determined that the valves that are missing drawings would 
have had to been redrawn to incorporate improvements for operation and producibility. 



* Noted problems identified during test program 

* Updated fabrication techniques 
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Proposed J-2S Tap-off Manifold Redesign 
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Cast Integral Jacket with Bypass Manifold 
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Cast Fuel Inlet Manifold 
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Cast Turbine Exhaust Manifold 
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Augmented Spark Igniter 
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J-2S Restart Study 

Solid Propellant Turbine Starter (SPTS) 
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J-2S Restart Study 
Fuel Turbopump (MK29-F) 
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• Replace Machined Impeller with Casting, P/N 7R045511-7 

* Stiffer Pump End Bearing Support 

Stable Ball Bearing Carrrier, Preload & Anti-Rotation System 
Minor Change to Dynamic Seals 
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J-2S Restart Study 
Oxidizer Turbopump (MK29-0) 
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Fuel Inlet Duct 
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sensor performance, etc. 

• Tradeoffs include analyzing the benefits of additional measurements 
against impact to design, cost, schedule, operations, and mission 
effectiveness— using results of studies performed between 1968-1971 
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J-2S Flight and Related Instrumentation 
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J-2S FLIGHT AND RELATED INSTRUMENTATION 
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J-2S Restart Study 
Instrumentation - Pressure Sensors 
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riginal J-2S static pressure sensor Currently available designs based upon improved 

consists of a mechanical force summing technology for either static pressure (typical' strain 

element coupled to an electrical bridge gage type) or dynamic pressure (piezoelectric) 
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J-2S Restart Study 

Instrumentation - Temperature Sensors 
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Original J-2S temperature sensors Currently available designs based 

for bearings, hot-gas, and liquid upon similar technology (RTDs) for 

oxygen; platinum resistance type both hot gas and cryogenic 

with 3-wire termination applications 
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Instrumentation - Flow Sensors 
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Original J-2S turbine-type, Modern nonintrusive, ultrasonic flowmeter, 

volumetric, liquid flow transducer, using piezoelectric transducers to sense the 

consisting of rotor assembly, flow difference between upstream and downstream 

straighteners, and pickup coils. velocity (speed of sound), which varies 

(SSME uses similar technology.) analytically with flowrate 
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Instrumentation - Speed Sensors 
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Other Sensor-Related Components 


CT> 

§ S * 

C 

o 


CD 

-C 

O 


o 

CO 

c 

rrt ® 

03 CO 


03 

<D 


CO >, 

■e .■& 

03 p 

ED- I 

gcfo 

:.oa 

| 2 2 
E t s 


CD 


<D 


w — o 


CO 

CO « 

CD _C CD 

E r ® 

° 8 


03 


C w 

S T3 

o o 
aor 
7n o 


“D 

C 


CD 

CO 


CO 


co <D 

c OT5 

.2 o 


CD 


8s> 


w 
CD 

CD CO 

■a-c a> 

c 32 

i3f 

C 5 £ 
•S 5 w -o 


-= w 


CD 


C =3 

Q> o 
c -S 


-S o 


CO 


o 

CO 

c 

CD 

CO 

CD 


-9 a. co 

|Ec 

CO O CD 
> o p 

® o o (C 

a)*E ^ 1 

«s| 


CO Q_ 


CD 


CD 

CL 

E 

CD 


■tr co c 
03 . t — 

Q. CO -n C 

.2 co *o «/) 
k— “O -n 

8.g , «I 

rj ^ 

to £ co 

^ CD ® 0) 

2i,og- 

J S ® 8 

> "S ra § 

§11 

LLI 2 03 


CD 


CO 

C\J 

i 

“D 

CD 


CO 

0) 


O 

CD 


O 

u 

03 

CO 

C 


c 

o 

E 

c 

o 

T3 

c 

o 

o 

“D 

c 

03 

-C 

-4-» 

03 

a) 

x: 

03 

4^ 

c 

CD 
-♦— * 

O 

Q. 

o ai 

^ -Q 

-g 03 

E E 

li 

co o 

£ ~Q. 

8.® 

Q_ CD 

if 

>> CD 
•= > 
2S 

co co 
— _c 
co ;> 


> 

co 

o 

to 

c 

CD 

CO 


E 

03 

O) 

o 


J-2SFinal Anotations- 1 6 




J-2S Restart Program 
Other Sensor-Related Components 




J-2S Restart Study 

Pneumatic Control Assembly 99-558330 


03 


CD 

i— 

CD 

5 

(/> 

c 

o 

’■4-» 

03 

o 

C 


03 

CD • 
0 0 


.c .b iS 
- <1) 


<D 


0 


TJ 
O <d 
£ 
_Q C 
CO 0 

P 
0 
O ^ 
C C 

CO £ 
> CD 

t 

II 

o CO 

e? 

° E 

CO 3 
J= C 

re 

O 3 

■S,® 

.5 E 

§ 2 

03 *«— 

"O 0) 
_ TJ 

0 £ 

CD C 
*a co 
03 

$ 


CD 

sz 


T3 

0) 

cc 

3 

a 

03 

0 

T3 

0 

1 E 

0 ~ 
CD O) 
0 C 
*•£= 
0 C 
J0 0 

.■g ^ 

o c 

C 0 
0 ^ 

o E 

CO 3 


.g o ^ 

> O) 

P C 


o 0 

CO 

0 CD 

o c 

II 

•- 0 

0 ijf 
0^ 

£ 8 

E "o 

0 CD 
£ 

JL O 
c 0) 
0 Q. 

c w 

O 0 
Clsz 

E c 

o .E 

o x: 

!1 

0 

£ 3 

‘i 8 

-O 2? 
3 Cl 
CO 0 

*83 

CO 3 

co a> 
0 0 
co 

E 2 

0) 0 


JO co 

i_ co .E 
CD co 
CO 0 

CO CO ^ 

- E co 

CO J_ 
sz 0> CD 
CO £ 

*TM 


0 

> 


Q. 

^ O 


5? >* 

^ CO-g 

c $ JD 

SItj 

■2 o "o 

E c I 

3 0 t 
CJ)-C 


0 2 CO 

jC c 
*- -a p 
§30 

2 o > 
i2 sz c 
a co o 


0 


o 


s II 

0 Wvt 

-° 0 "o 

-D C 0 

3 .2 

o .t; ro 

5 T3 C0 

C < _Q 

C 0 P 

Q. ~ O 
P CD 

O -B 0 

0 c c 

JC 0 0 

-•— > _Q 

8>-g 05 

2 E 

J= o 

o 2 .- 

-O 03 I 
0 > 0 
co 0 ^ 

§.> 


0 

C 


X 

0 


O — 


.ti Q- 


0 


8.f® di 

Q. CD £ .C 

03 Q.T3 W 
JZ 0 C 0 

h- a 0 o 


J-2SFI nal Anotations- 1 7 



> 

< 

£ 

x 

3 

o 

li- 


en 

i- 

z 

LU 

s 

LU 

> 

o 

00 

CL 


ffi 

o 

D 

Q 

O 

CO 

Q. 

_l 

< 

H 

Z 

UJ 

H 

o 

CL 


O 

< 

0 . 

< 

0 

X 

UJ 

CD 

CC 

5 

1 


UJ 

> 

* 

z 

< 


UJ 

X 

Ul 

o 

5 

Cl 

UJ 

X 


UJ 


UJ 

> 

_l 

< 

> 


0 

z 


UJ 

> 

UJ 

O 

3 

O 

UJ 

X 

o 

h- 

UJ 

> 

_l 

< 

> 

9 

o 

z 

UJ 

_l 

O 

CO 


UJ 

H 

< 

Q 

X 

3 

O 

z 

< 

CO 

_l 

< 

X 


CO 

z 

o 

I- 

< 

o 

_J 

X 

X 

< 

CD 


CO 

< 

o 

Q 

z 

< 

0 

z 

0 

X 

o 

X 

X 

o 


UJ 


0 

CO 
UJ 
D 

£ <: 
UJ UJ 

> > 
UJ UJ 
X X 




Rockwell International— — J-2S Restart Study 

Rocketdyno Division 



TA3-01 24 



PNEUMATIC PACKAGE 
SCHEMATIC 

99-558330 


H« CONTROL 
SOLENOID 



H« TANK VENT 
SOLENOID 


is— 1 1 L.I 

—i i 

_ ru u,r 




CONTROLLER 

REGULATOR 



ACCUMULATOR A 
AND PURGE PORT^* 


IDLE- MODE 
SOLENOID 


MAIN STAGE 
CONTROL 
SOLENOID 


LOW PRESSURE 
RELIEF VALVE 


S-F-4 


PRGGMHNG PAGE BLANK NOT FILMED 






J-2S Restart Study 
Helium Tank 


o 


0 


*- — 03 ^ 

O CO C > 

— cl w 2 

®u«? 

i-Q -9 - 

0 Q 0 O 

0)3^ O 

0^2-2 (3 

1 CBZ .2 
“S 3 o. 

o -c ^ 

0 o = 

c 0 -o 0 

.O jc 0 co 

2 E 3 9- 

5j 2 w 2 

<o Q. 

IE 0 2 0 

si 

Qj 03 ^ 0 

jC 0 O <g 

r s 

<2 *9 0 -° 
0 "c ° 0 


c co 0 .E 
O ■*"* -C “ 


E ® « 2 

2 E g ® c 

0)0 o 

§J“£! 

S?£fff 

itllj 

C In CD 5 > 


Jr W CD > ^ 

O 0 to m i 

"O *“ 0 N & 
0 0-C~^ 

W -qI ”* 0 

=3 - S- . 03 

o C V- 

0 3^-00 

■i c Oi — 

C t Q 0 

0 r *J£ 

■*- ■£ .* c *= 

P > .9 0 o) 

0 § *= Q- ~ 

.c ~ o E 0 

§ 2 m g 0 

4 03 E 0-2 

0 y= O -O .0 

$ 8 "o ° "§ 
2§ 0^0 
St o f| 

h- m .E § £ 


J-2SFinal Anotations- 1 8 


PNEUMATIC 
CONTROL PACKAGE 


o 


> 

00 

00 

(J> 



> 

CD 

1 “ 

m 

$ 

X 

o 

X 

m 

x 

o 

m 

m 

a 

a> 




HELIUM TANK 



J-2S Restart Study 
Gimbal Bearing 


w | 

2 'c 
cn <5 
to ^ C/5 
Q) o c 
CO CD O 
(/) r 

CD c CO 

o o 

o c 

0.^0 
_ E 05 

05 c Q- 

• E 05^ 

o To c 

o — 

o w e 
§1 §> 
v— i -♦— * 

-oX « 

£ 05 ^ 

0 £ £ 

CO ^ tT 

0 ■;= 

’EI 03 £ 

-2.E i 

g.i = 

| Q) | 

o ^ 


< 2 


03 

CD 


T3 

CD 


CD 

u . 

0 

$ 

</) 

0 

C 


_o .g 

— ^ O) 
0 CD c 
D 0)0 

3*C0 
O) tO CM 

0) c ”f> 

£ CD X 

.c E <o 

~ 05 = 

3 > w 

IS 5.8 

S.i i 


S a- 


o 


CD -*— 1 0 

;g = 

-Q -Q 

goo 

2: 13 CO 

112 

0*8 
C >> 0 
C 

o 

s 0 

> -C 


0 


c 

0 
0 
5 

0 h .t; 

® 0 ® 
-C co .E 

I — 3C/) 


J-2SFinalAnotations- 1 9 



ENGINE INTERFACE 


COCO > 
• 0^0 
rn o O 
QmO 

>r~z 
doo 
O "R h 

2H° 

^ m > 

™z 2 

300 

£ < “D 

Ip 

r~ m — j 

IP 

CO I x 

co z < 

..mm 

^3JO 

H c 1 
HCO> 

CO “• z 
2 > CO 

i“ o 

□ po 

3 <:> 
O m z 


£ 

> 

H 

m 

3 

> 

r~ 

~o 

JO 

O 

CD 

r~ 

m 


2 

H 


CD 

m 

m 



GIMBAL BEARING 


J-2S Restart Study 
Interface Panels 


g c 

•- CO 


3 -o 

<D 

® 0 

E 

1— CL 
C 3 

o OJ 

CO 73 

o 2 

:= ZJ 

g- O 

Q--C 
03 (0 

T 3 CD 
0 CL 
CO > 
O ^ 

o 2 

a; c 
j= c 

— o 
oi? 

S 8 

o 2 

2 <-> 

t: 0 

® 0 

.E 0 

0 2 

sz 

£ a 
8 | 
E I 

o x 

T 3 0 
0 05 

C 5 

05 5 
W 
0 


O 

_ O 

0 c 

0 2 c 

-Q ’5 o 

T 3 o"~ 

3 E 2 

0 T_ 3 

> 12 05 

1 * 8 

S 0 ^ 

°-o ® 

0 0 g 

©is. 

f.?E 


J-2SFinalAnotatlons- 20 



INTERFACE PANELS 





J-2S Restart Study 
Heat Exchanger 


TD 

P 


& 

o 


52 s'S.i 

Q_ r- (0 

| c'o 


03 

O 

o 


c 

o 


o O"o Q> 

- C (]) O) 
Q- 0 </> C 

8-«v = “ 

tj-> a g 

0 0 £ <D 

CO XI _ 

g_~ 2 0 

2 

°-.ti c 0 
0=^-0 
_c -£ to 0 

■H CU *•— 


W CT3 

cop 


T3 

CD 


13 

CTT3 
P P 
O 

*= c 
. p 


c 

o 


p 
Q. 
P X 
N P 

H 

to -> 

P 

P 

Q.= 

21 

_n£ (O 

c < 

p ^ 


p 

N 

ig 

x 

o 


o 

“O 
-»— * 
CO 
3 
P 

O x 

r o> 

p 0 
g)C 


CO (D 

0 s. 

T3 cC 

Era 

■3 o 

0 0 

33 

1 ® 

O <D 

IL 

0 >< C 

sSg 

si 

'§>5 


P 

-C 

o 

X 

p 

p 

p 

-C 

p 


-Q 

k. 

3 


P 
> 
O 

k. 

CL 

E 

-Q O •— 

*0^0 
P >s 3 
■g “ 03 
.2 3 O 

0 C/) Q_ 

0 0 LU 
CO £ ^ 

0 ^ CO 
$ £ CO 


(O 


0 

N 


X 

o 

0 


P o 


t. 5 T3 

0 o 0 

1 OQ. 

§5 2 

-C <C Q. 


J-2SFinal Anotations- 21 




HEAT EXCHANGER 


J-2S Restart Study 

Recommended Modifications 


a> 

„ "D 
OT (0 
■*-« +-* Is 

§§« 

/a r* t— 


d) 


<3 § 

0 


C 
<0 

«wf 

= .o jb 

O) (0 ♦- 

s S'S 

wjB £• 
® E 

^ 05 « 

2 1 


O 

,ii£-o 

CD 

“O 
c 
CD 

c 

s 

o 

-C 
CO 

CO 


2 ~ 

O) F 

^ E 

C CO 
O CO 
O 0 
^ 0 

a S3 

0 >s.^ 

® 1 _ 

■o5u 
®oc 
w 3 E 
gu 2 

o. o c 
0^0) 
^°-C 
a> •> 

2-c i 

jC ■*-> TO 
m 

® C 

N = ® + j 

JS 3 -Q C 
® tj to a> 
E-O O C 

E?a.& 
3 E Q- c 
w t CO E 

© 8 
^ ® Sjz 

o - o 

.a-g © S 

fils 


TA3-0393A 


* Redesign instead. 

** 1 - Producibility; 2 - Fabrication Technique; 3 - Material Substitution; 4 - Reliability/Operability Enhancement. 
No Change - No recommended change. 
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* Redesign instead. 

** 1 - Producibility; 2 - Fabrication Technique; 3 - Material Substitution; 4 - Reliability/Operability Enhancement 
No Change - No recommended change. 
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* Redesign instead. 

** 1 - Producibility; 2 - Fabrication Technique; 3 - Material Substitution; 4 - Reliability/Operability Enhancement. 
No Change - No recommended change. 
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much less costly wrap-around ducts if the interfaces of the application allow it. Since this 
engine has the potential of operating in applications requiring long life, the hot gas check 
valve would be redesigned to provide improved life margin over those units tested, although 
this is not necessarily required for an expendable application. Engine interfaces would also 
be adjusted to provide a more efficient design than that used in previous testing. 
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Turbomachinery performance at the 10:1 operating level appears acceptable based on the 6:1 
experience, however this study did not address the secondary coolant and seal flows which may 
still require some additional modification. These results have a high degree of confidence due to 
the previous test data and its excellent correlation with the engine model. 


approx. 1000 psi 

Excellent correlation seen between data and engine model 
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10:1 Throttling Examination 
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Main Injector Pressure Drop vs. Power Level 
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10:1 Throttling requires increased LOX injection pressure drop 
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Main Injector Pressure Drop vs. Power Level 
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Engine Performance vs. Power Level 
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Turbine Inlet Temperature vs. Power Level 
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At throttled conditions temperature remains acceptable 


TAP-OFF GAS TEMPERATURE (R) 
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Good Model Prediction/Data Correlation Seen 
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Good Model Prediction/Data Correlation Seen 
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Program Plan Groundrules and Assumptions 
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J-2S Restart Program Schedule 
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Predicted Production Costs 


© 

o 


■K SZ 


Vi O) 
2 c 


llA 

t_ 3 fx 
© O <Q 

© ©is 

d) r 5 • 
Q-- <° >* 

to © © 

i2 .c co £= 

F I— O © 
^ ^ o CT 
3 • c 

_ O .<6* .= 

£ § C 

£3*8 

2 ora- 

*$r C g ° 

° 1 § S 

o ra S'" 
= ffl “ m 

8 ®.ll 

•2 Ml 

CO © O O 
®oa = 
to o »_ o 

to CC © "O 

8?M 

cr o ns 

= a j§ ° 
■g « S ts 
a !§ 
■o-c 3 t 

© ~-j- O 

■5 ©> £ 

oEi« 

F 3 O CO 

to £ a> 

© $ © £ 

~ -D E o 

Ifsl 

" 2 of 5 

C Q.+- 

°i f 8 

a E ss 

jC 3 O C 
I- cr4= 3 


8! c p 

2? o t 

? © s « 

^C« 


TJ 

© 

to 

© 

O 

CO 


C 

3 

O 


CO 


■O 

c 


8 w 

8Se> 


© 


© ~ 


■K ^ C 


© o^c 
»_ C ■= © 
O CO 13 Q. 
J2 a> o “■ 

© o g o) 

-•o-i-i 

O © 2 3 

3 to a.t 5 

■2 E <d i5 


W >1 

§ « £ c 

•i ® s § 

«»Se 

.9 sz c h- 

£ H 3 O 

salsg 


CM = = 


2 © ~ 


I 0 E.E 


© B 

© 3 

SZ CO 
CD CD 


2tS 
.© 3 
T3 


© >.2 

>o£ 

2 3 CD 

ft 


c8|«5 

O CL t CO £ 

©-S-^r 5 

$ li°§ 

■° 2 © 8.- £ 

52 ©-D § © 

© o 2 W ■© 
© O Q.cd © 
E tt -D £ 5 

•js -S CD tr 
to © T3 T3 0 
© (0 c c »- 
© © o © 

© E m -© 

" E-Sp 

2§8§ 
£ £ £ £ 


€0 

o 

o 

(0 


TA3-0399A 


0 120 160 200 240 280 

TOTAL QUANTITY PRODUCED (N) 


10-YR PRODUCTION UNIT COST (M 92$) 








rb 

oo 

cb 

ro 

O 

cn 

-nJ 


PREDICTED PRODUCTION COSTS 

J-2S ENGINE 




J-2S Restart Study 

Test Philosophy 


— -a 
niW c 
.c © 0 
Q_ CD -2 

£ u 3 

O CO o £ © 

+* CO O ±i ^ 

(0 <0 CO CO 

Z CD {J) W > 

F nCD r 

2 o £ | .2 
0)0 c C (0 
O W E g N 

0.0 2 CD 5 

^ .s g* x = 

sM ® 

c b - 0 o 

2 S| 8 

to ” >» b ’C 
© <o 0 0 

•i 8 S 5 > - 

c > Q-l- « 


O) C 
C — 
*4= CO 
CO CD 
CD C 

®'g> 
£ © 


i= O 

i ■*-• 

X © 
O .Q 

n 0 

?? o 
~ co 


x: o 

■r 3 


° 2 © S 2 o 


L, f- ^ 

| ‘I .a .2 0 
o' o ? f 2 
> 0 - 8 ? w 

0 c 2 0 CO 

pEOag 

O C O o. 
>*t: --o^ 
§ © to © © 
™ °- © co c 
o © .2 Q-'“ 

**“ J3 0) 0 © 
b 0 C ~ O 

li ii 

| i"-s 2 1 

Ills- 

■= -K Q. C © 

£ g £ p 0 
2 ©© — 
© E c o. 0 
P © x © 

hTJ O © W 


© ™ 
c 2> 


co c 

c ©> 

2 § 


© is to 
Q-+-. c 

o 0 o 

!»i 

118 
^ (D c 
0 >.2 

W w M 
~ ^ 0 
to © 2 
o) p © 
c§a 

& © ° 

© 2 = 
©00 


O) 

0 = 

o c • 
O) o 

© >» 
"O .-ti , 

§ 1 - 

cO - 

= Q. 
£ CO 

CO m 

c ~ 


CD C 

«8 o 

-C £ 
Q. CD 
. "O 

~c o 

p « 
E 0 

a.™ 

O 0 
0 © 
m 

■a © 


c = 

.2 0 

0 o 


§.§ 

3 a- 


proposed application. 




J-2S Restart Study 
JV/Bv 3/4/93- 28 



Test Philosoph 



CO 


“U Z 

3 co 

co *" 

0) 

*.E 

(0 o> 

CO i5 

®</> 

QC cvi 

<0 ^ 

CM c 

1 Z 

™3 0) 

CO 

CO 

m 


co 

*4-^ 

c 

o 

Q. 


0 

as 

O) 8^S 
= .g a © 2 

2 cg-o 2 g. 

g I- o j 2 £ 
c © Q © £ 
'■£ © W © ^ 

&§« 2 I 

= © co c\j co 

(0 ®T3 (I) 2 

s.i§iB- 

'E tS J += C 

iSfii 

is!** 

©-2 $ £ ^ 

?! S I "® 

© © t co 

CO P £ CD CM 

aio a T 

fl) O' C0 n "p 

E O r g o 
<~l £ .E - -*- 

> ^ CO 


Q. 

O ^ <0 3 T 3 

II *2 § 

l§f »a 

® ®-S S O 

= g, c r o 

o)®o <o w 

c fc— +-* 

© © © © 


CO 

CO 


CD 

> 


_ © E 
13 E co 

£ o© 
© -2 -D 

CO © 3 

c > .*; 
o © ±s 

03 CO 


ii£ 


H- 


co 


(0 


(0 


> o ' u 
O — (D 
fr 0 £ 
g § '<B 

2 || 
Q.-^ 

i- m © 

|£ E 

•g.s § 

-C co £: 

(—3 0. 


© o 

g >8 
2 © 
0-0 
o 

Wo r, 

<D - O 


CO 

-o 

c 

o 


CO 

tr 


— LO © 

© CM © 

£ >*oo 

r ©g 

^ go 
© E co 

-Q 'x -o 
© O c 

CO &■* 
> 9 -i 2 
© © t5 
.<2oS 


0 

CT> 

II 

1 i 
0 
CO 

c 
o 
o 


0 

> 

CO 


$ 

o 

M 
© 

!c 
$ 

© © 

■o © 
c 

o © 

O 

© J c 

© o 

o ic 
£ £ 

I s - V- 
CO •— 

*tr ^ 

o © 

& E 
~ -»—» 

§ -2 

© ^ 
o © 

If© 

©- 0 -E 


0) 


- O) 
Q- c 


« © ® 
i-cl 

4 -> — co 
o © © 

°Z © 
-o h - 

© . TJ 

to © © 
© ^ 2 

© g£ 
*° ©.©> 
= © ^ 

$ o © 

gif, 

c ^ 
© o> c 

x •— © 
to w ; 
^ CD o 

0 -H* 

£ T3 J= 

£ © 2 
O "O © 

i: c o 

3 © Q_ 
O* Q. 
LL © © 


© 

> 

© 

© 

. © 

>; © 

.ts © 

•5 5 
45 o 

t "o 

-o © 

"S 

O -E 
q © 

Si 

is 

n © 

o © 

© © 

© © 

§i 

33 J= 

© Q. 

©> O) 

.E c 

© '■« 

= S5 

-2 o. 

3 ° • 

±i © 

4-* r- U 

© 'cb © 
■o c E 
© © - 
c« = c/> 
CO <D 
3 -4— ' 

E co "55 

w ^ m 
“ O — 
CO 


co 

co 

(0 


CO 


CO 

c 
o 

E 
© © 
CO "O 


0 

£ 


0 

CO 

0 

> 

CO 

c 

0 

* 

0 


0 O 

© T3 © 
— © -C 
© T3 
© 3 CO 


© 


O .E 


• 4 —i r- -, — 
© •- © 

c ©1 

I gg 

© W 3 
OT © £ 

CO © 

co £ 

•^= 3 ^ 
H< 2 



= _ -2 
^ ©*5 


_C0 

0 


0 

-Q 


O) 


0 


0 


.£2 
GO 
0 


c ° 
E E 

c o — 


■a = 


O) 

o .E 


w 

•c 

„© © 
© © © 
© © o 

E ^ o 


*-> — © .© t) © .© ?= 03 © 

oS a S«SS g= * 


si I lfl.fi 

tJ = 10 W C 3 ft 

^ ^ 3 E 3 © 


4 - .E ^ 3 ^ 2 --5 = © Q.-y -O 

|l|II|E|^st! 



on n 
c © *2 

© © B 


•g ^ f » E © «p jS o 
© . £ ^ 0 .E e F 2 r 

S 1 1 1 5 •§ i .•g'l i g’-s s. 

O o E cr D>© Q-.-= 8 £ 3 •- © 

= “85i w 2«||«g , f 
“20«SS«f s.Se»»| 

Q.-O.E/1* > 


g-SSXJW^c^C Q -‘0 •-<!)> 

2l§|lEi,= l- £- i >£ = 

•C ° -Sot c © -a -3 © a, -43 

©«©+-Fo.= 3 -l©©'S© 

fXP © C C >tw-Q>'>2 © © 



.© E ■*-“ © .2 o 

l. •— r Cn 4w w 


k— T3T VL/ 

- 'r; C/) -M 
0^30 
O-C _ 

0) .52 £ co = 0 


_ 0 0 _.E c 

SEl| :=• g | » t 

m m- ±: (ii '•t- "3^ h— » 1 1 1 



S© m =0^?.£0 
© ©,©jd-- O 

•-lr*2©©E — 

« ©-^^ ^ “ ©*?f 


■ 0 , w © -c 

5 © T 3 © C 03 
rrt j— l. cw 


3 ^ CO ^ © 

© © . -o 2 
--O-03©(D©*5c a) © 5 'O©© 

« ifgs 2 g«s es*5? 

© C 0 © © o o 

03 - I " L 


© 3 
■£ © 


-»^3-g£o©Coroa)oa 

0 m — ^0>E'D3t(D m 

h a^HJ u^o (fl E ao to 


< 

o 

o 

o 

co 

< 


$ 


o £ 


I 

<■* 

a 


> (0 
I I 

S8 

O » 

|f 

3 ® 


2 

» 

o- S2. o 

Hi 

W Q. i# 

g ® • 

I 2.® 

8- 3 a 
c 




SECONDS 

TESTS 

Start & Cutoff Transient 
Mainstage Performance 
Endurance/Durability 
Mixture Ratio Control 
Idle Mode (B) 

Safety Limits Testing 
Gain Factors 
Combustion Stability 
Gimbaling 

Stage Tank Pressurization 
Start-restart Capability 
Qualification 

Hot Fire Test Objectives (A) 
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Baseline J-2S Engine Test Matrix 
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